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Supplemental Experimental Procedures rotor). Protoplasts were washed two times in wash buffer and then
lysed in a solution containing 0.2 M mannitol/10% ficoll/10 mM
EDTA/5 mM NaPO4 (pH 8.0). Density ultracentrifugation was then Vacuole Isolation
Vacuoles were purified from wild-type and vpe healthy green ro- performed as previously described [S1] except that bovine serum
albumin (BSA) was omitted from all solutions. This method results sette leaves from 35 day old wild-type and vpe plants. In brief, 2
g of leaf tissue was cut into thin slices with a razor blade and in the layering of enriched vacuoles and allows for the efficient
separation of central vacuoles from other endomembrane compart- incubated for 4 hr at 21C in 30 ml protoplasting solution containing
0.3 g macerozyme R-10 (0.55 U/mg) (Serva, Heidelberg), 0.3 g cellu- ments [S1]. Yields were approximately 50 g of protein per prepa-
ration. lase “Onozuka R-10” (1.0 U/mg) (Serva, Heidelberg), and 0.12 g
CaCl2 dissolved in 30 ml of wash buffer (0.4 M mannitol/10 mM MES
[pH 5.7]). For recovering protoplasts, the protoplasts were filtered Proteomics of Purified Samples
Vacuolar preparations were concentrated with a Millipore 10,000 away from undissolved tissue, and centrifugation followed for 20
min at 500 rpm (57  g) in a Beckman GS-6R centrifuge (GH-3.8 molecular-weight cutoff centrifugal concentrator, and total protein
Figure S1. LC/MS/MS Analysis to Identify Cystatin B-like Protein Highly Accumulated in Vacuoles of vpe Mutants
(A) A base peak ion (BPI) chromatogram of m/z 687.88 shows an ion fraction at retention time of 23.35 min that was observed only in the
vpe mutant sample but not in the wild-type.
(B) An MS spectrum of BPI at 23.35 min faction shows total ion current (TIC) of the precursor ion (m/z 687.88, 2) of the cystatin B-like
peptide. TIC counts for m/z 687.88 were approximately 20-fold higher in vpe mutant than in the wild-type, and this was a reproducible
measurement. As an internal control, another coeluted peptide precursor (m/z 680.04, 3), whose parent protein was not identified, showed
similar TIC counts in the wild-type and the vpe mutant (approximately 1500).
(C) MS/MS spectrum of a precursor ion (m/z 631.32, 2) that was matched to a cystatin B-like peptide spanning residues 32–42. Only y-series
ions are labeled.
(D) MS/MS spectrum of a precursor ion (m/z 687.88, 2) that was matched to a cystatin B-like peptide spanning residues 43–55. Only y-series
ions are labeled.S2
concentration was determined. Two hundred and fifty micrograms
of total wild-type and vpe protein was subjected to standard 18
cm 14% SDS PAGE. The resulting gel was briefly stained with Coo-
massie blue R-250 and cut into thin horizontal slices with wild-type
and vpe lanes processed pair-wise. Gel slices were then digested
with trypsin and processed essentially as described previously [S2].
The in-gel digest of individual gel bands was analyzed by a LC-
nano ESI-MS/MS with a Micromass Q-TOF API US instrument (Wa-
ters, Milford, MA), and wild-type and vpe samples were analyzed
pair-wise so that system variation would be minimized. The Atlantis
dC18 column (3 m, 100 A ˚ , 100 m internal diameter, 15 cm long)
was used for LC peptide separation (Waters). A 300-m-internal-
diameter  5-mm-long C18 guard column (Dionex, Sunnyvale, CA)
was placed at the front of the analytical column to preconcentrate
the tryptic peptides through a 10-port switch valve connection. The
l pickup sample loading method was configured with a 20 l sam-
ple loop in the auto-sampler for maximal loading (6.4 l) with zero
sample loss. Samples were loaded and desalted for 3 min with 0.2%
formic acid with a flow rate of 25 l/min. The solvent components
for peptide elution were as follows: mobile phase A was 0.1% formic
acid and 5% acetonitrile, mobile phase B was 0.1% formic acid and
95% acetonitrile. The duration of the complete LC method was for
140 min: 0–3 min, 5% B; at 5 min, 12% B; at 95 min, 45% B; at 107
min, 70% B; at 110–115 min, 90% B; at 120–140 min, 5% B. A 1 hr
blank washing method was introduced between each sample. A
manually configured flow-splitter was used for applying a 0.4 l/min
flowratetotheguardandanalyticalcolumns,whichwereconnected
with a 10 m internal diameter PicoTip nanospray emitter (New
Objective, Woburn, MA). The MS instrument parameters were tuned
sothatthehighestpossiblesensitivityandresolutionwereachieved.
An LC/MS/MS survey scan method was used for analyzing all
peptide precursor ions for both wild-type and mutant samples. All
MS/MS spectra were processed to generate pkl text files with soft-
ware provided by the instrument manufacturer. Pkl files were then
searchedagainstNCBInrdatabaseofArabidopsiswiththeMASCOT
algorithm for protein identification. To compare the abundance level
of this protein between wild-type and mutant, we used a relative-
quantification strategy similar to that described in a previous study
[S3]). From the MASCOT search results, the precursor ions m/z
values and charge states for identified peptides were known. The
LC retention time for a precursor ion was determined from the
auto.txt file in each raw MS data folder. With the retention time
known, the precursor ion of the matched peptide was correctly
located in the base peak ion (BPI) chromatogram in a manual man-
ner.Finally,thetotalioncurrent(TIC)ofthispeptideion,representing
the relative amount of protein in the samples, was summed from
the corresponding BPI fraction. Arbitrary TIC counts were used for
comparing the relative abundance of proteins in wild-type and mu-
tant samples as previously described [S3].
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